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(54) Phased-array antenna apparatus 

(57) A phased-array antenna apparatus used in a 
microwave or milliwave band and having a high gain 
includes a multilayer structure. The multilayer structure 
is constituted by M radiating elements (25), M phase 
shifters (24), phase shifting control circuits (20;30), and 
a feeding unit (3). The phase shifters (24) are respec- 
tively coupled to the radiating elements (25) to shift the 



phase of a feeding signal supplied to each of the radiat- 
ing elements in units of N (M and N are integers equal 
to or larger than two) bits. The phase shifting control cir- 
cuits (2030) control phase shifting of the phase shifters 
(24). The feeding unit (3) is arranged to be coupled to 
each of the radiating elements (25). 



sarin 



00 

00 
CO 



(II 



CMIHJIUBT 



DATA DBTRIBUTIOH OBCUIT 



data una 
amn 



__.L 


DATAlATCfl 


L 


22- 


GBCOT 







r 



DATA LATCH 
OBOJIT 



3SE 



TFT 

csair 



PHASE 
SHIFTS 



PHASE 
SHIFTS 



4< 



-a 



25 



PRASE 
SHIFTS 



ASIBUASEniOl 



< 



MRADMTIIE 

warns 



FIG.l 



Q. 
UJ 



Primed by Xerac (UK) Business Services 
2.16.6/3.4 



1 



EP0 887 879A1 



2 



Description 

The present invention relates to a phased-array 
antenna apparatus which is used in a microwave or mil- 
liwave band to change the feeding phases for radiating 
elements by using digital phase shifters. 

A phased-array antenna apparatus is an antenna 
which scans a radiant beam by electronically changing 
the feeding phases for a plurality of radiating elements. 
Phase shifters are respectively connected to the radiat- 
ing elements. The feeding phases for the radiating ele- 
ments can be changed by controlling the phase shifters. 

In general, a digital phase shifter with 3 to 5 bits (to 
be simply referred to as a digital phase shifter hereinaf- 
ter) is used as each phase shifter. The phase shift 
amounts of feeding phases are set by ON/OFF-operat- 
ing the respective bits of the phase shifters. As switches 
for the respective bits of the phase shifters, semicon- 
ductor devices such as PIN diodes or GaAs FETs are 
used. 

The phase shifters are controlled by a control unit. 
This control unit is connected to each phase shifter 
through a driving circuit therefor. The control unit and 
the respective driving circuits are externally mounted on 
a substrate on which the radiating elements and the 
phase shifters are formed. 

The control unit calculates the optimal phase shift 
amounts for the orientation of a radiant beam in a 
desired direction in units of radiating elements, and out- 
puts the corresponding control signals. The driving cir- 
cuits turn on/off the respective bits of the phase shifters 
on the basis of the control signals from the control unit. 

To increase the gain of the phased-array antenna 
apparatus, the number of radiating elements may be 
increased. An increase in the number of radiating ele- 
ments, however, will increase the number of phase shift- 
ers. As a result, many switches to be arranged for the 
respective bits of the phase shifters are required. 

In a conventional phased-array antenna apparatus, 
modularized semiconductor devices are used as the 
switches of phase shifters. It takes much time and labor 
to mount modularized switches on the phase shifters. 
For this reason, the manufacturing cost of a high-gain 
phased-array antenna apparatus requiring many 
switches becomes high. 

In addition, if the number of radiating elements is 
increased to increase the gain of the phased-array 
antenna apparatus, a large number of driving circuits 
are required for the respective phase shifters. 

In a conventional phased-array antenna apparatus, 
modularized ICs (to be referred to as phase shifter driv- 
ing ICs hereinafter) are used as driving circuits for 
phase shifters. For this reason, a large number of phase 
shifter driving ICs are required to implement a high-gain 
phased-array antenna apparatus. A large space is 
therefore required to allow a large number of IC mod- 
ules to be externally mounted, resulting in an increase 
in the size of the phased-array antenna apparatus. 



Furthermore, as the numbers of phase shifters and 
phase shifter driving ICs increase, the number of wiring 
lines for connecting the phase shifters to the phase 
shifter driving IC in units of bits increases. However, the 
5 number of wiring lines which can be formed within a lim- 
ited area is limited. For this reason, a high-gain phased- 
array antenna apparatus has been realized with diffi- 
culty in forming wiring lines for controlling phase shift- 
ers. 

10 The present invention has been made to solve the 
above problem, and has as its object to reduce the man- 
ufacturing cost of a high-gain phased-array antenna 
apparatus. 

It is another object of the present invention to 
is reduce the size of a high-gain phased-array antenna 
apparatus. 

It is still another object of the present invention to 
simplify a wiring for controlling the phase shifters of a 
high-gain phased-array antenna apparatus. 

20 In order to achieve the above objects, according to 
the present invention, there is provided a phased-array 
antenna apparatus used in a microwave or milliwave 
band and having a high gain, comprising a multilayer 
structure constituted by M radiating elements, M phase 

25 shifters respectively coupled to the radiating elements 
to shift a phase of a feeding signal supplied to each of 
the radiating elements in units of N (M and N are inte- 
gers not less than two) bits, phase shifting control cir- 
cuits for controlling phase shifting of the phase shifters, 

so and a feeding unit arranged to be coupled to each of the 
radiating elements. 

Brief Description of the Drawing s 

35 Fig. 1 is a block diagram showing a phased-array 
antenna apparatus according to the first embodi- 
ment of the present invention; 
Fig. 2 is an exploded view showing the structure of 
the antenna section of the phased-array antenna 
40 apparatus in Fig. 1 ; 

Fig. 3 is a view showing the arrangement of one 
unit on a phase shifter layer in Fig. 2; 
Fig. 4 is a block diagram showing the arrangement 
of a TFT circuit in Fig. 1 ; 
45 Rg. 5 is a block diagram showing the arrangement 
of a data latch circuit 22 in Fig. 4; 
Figs. 6A to 6Z are timing charts showing the opera- 
tion of a data latch circuit 22' in Rg. 5; 
Fig. 7 is a block diagram showing another arrange- 
so ment of the data latch circuit 22 in Rg. 1 ; 

Fig. 8 is a perspective view showing the structure of 
a micromachine switch in Rg. 3; 
Rg. 9 is a plan view of the micromachine switch in 
Rg. 8; 

55 Rgs. 10A and 10B are sectional views of the 
micromachine switch in Rg. 8; 
Rg. 1 1 is a block diagram showing the arrangement 
of a phased-array antenna apparatus according to 
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the second embodiment of the present invention; 
Fig. 12 is a schematic view showing the relationship 
in connection between a flip-chip IC and phase 
shifters in the phased-array antenna apparatus in 
Fig. 11; 

Fig. 13 is a developed view showing another struc- 
ture of the antenna section of the phased-array 
antenna apparatus in Fig. 1 ; 
Fig. 14 is a view showing still another structure of 
the antenna section of the phased-array antenna 
apparatus in Fig. 1; and 

Figs. 15A to 15E are timing charts showing another 
operation of the data latch circuit 22* in Fig. 5. 

Description of the Preferred Embodiments 

The embodiments of the present invention will be 
described in detail below with reference to the accom- 
panying drawings. The following description pertains to 
the transmission of a signal from the antenna as the 
flow of an RF signal as a feeding signal. Owing to the 
reciprocity theorem, however, the operation principle is 
essentially the same as in a case wherein the antenna 
receives a signal. 

(First Embodiment) 

Fig. 1 shows the arrangement of a phased-array 
antenna apparatus according to the first embodiment of 
the present invention. The phased-array antenna appa- 
ratus in Fig. 1 has M (M is an integer equal to or larger 
than two) radiating elements 25. The respective radiat- 
ing elements 25 are connected to N-bit (N is an integer 
equal to or larger than one or two) phase shifters 24. 
The phase shifters 24 are connected to a feeding sec- 
tion 3 through a distribution synthesizer 27. The phase 
shifters 24 are connected to a thin-film transistor circuit 
(to be referred to as a TFT circuit hereinafter) 20 for driv- 
ing the phase shifters serving as phase shifting control 
circuits. The TFT circuit 20 is connected to a control unit 
1. 

The TFT circuit 20 is constituted by M data latch cir- 
cuits 22 arranged for the respective phase shifters 24 
and a data distribution circuit 21 . The phase shifters 24 
are respectively connected to the data latch circuits 22. 
The data latch circuits 22 are connected to the data dis- 
tribution circuit 21 . The control unit 1 is connected to the 
data distribution circuit 21 and the data latch circuits 22. 

Each phase shifter 24 has a microwave switch tor 
each bit The respective data latch circuits 22 are con- 
nected to the microwave switches of the phase shifters 
24. 

The TFT circuit 20 is integrally famed with the radi- 
ating elements 25 and the phase shifters 24 on the 
same substrate, and forms an antenna section 2a, 
together with the distribution synthesizer 27. 

The control unit 1 calculates the optimal phase shift 
amounts for the orientation of a radiant beam in a 



desired direction in units of radiating elements 25, and 
outputs the resultant values as control signals (control 
data) s to the data distribution circuit 21 . The control unit 
1 also outputs a timing signal b for changing the beam 

5 direction to each data latch circuit 22. The data distribu- 
tion circuit 21 outputs control signals a* to the respective 
data latch circuits 22 on the basis of the control signals 
a. The data latch circuits 22 apply driving voltages 
(data) c to the phase shifters 24 on the basis of the con- 

10 trol signals a* in synchronism with the timing signal b. 

The distribution synthesizer 27 distributes the RF 
signal output from the feeding section 3 and outputs the 
resultant signals to the phase shifters 24. The phase 
shift amounts of the phase shifters 24 are set by the 

15 driving voltages c applied from the data latch circuits 22. 
The phase shifters 24 change the feeding phases for 
the radiating elements 25 by the phase shift amounts. 
The radiating elements 25 then radiate radio waves with 
phases corresponding to the feeding phases. 

20 The operation of the phased-array antenna appara- 
tus in Fig. 1 will be described next. 

The control unit 1 calculates the optimal phase shift 
amount for the orientation of a radiant beam in a desired 
direction for each of the M radiating elements 25 with a 

25 precision of N bits on the basis of the preset position of 
each radiating element 25 and the frequency to be 
used, and outputs the resultant value as the control sig- 
nal a to the data distribution circuit 21 . 

The control signals a are distributed/supplied as the 

30 control signals a' to the respective data latch circuits 22. 
Note that the radiating directions of all the radiating 
elements 25 of the antenna section 2a must be simulta- 
neously changed instead of being gradually changed 
one by one. For this reason, the data latch circuits 22 

35 rewrite the held data into the control signals a' as the 
input data in synchronism with the timing signal b for 
changing the beam direction, and simultaneously apply 
the driving voltages c to the microwave switches corre- 
sponding to the necessary bits of the phase shifters 24 

40 on the basis of the held data (control signals a 1 ). 

When the driving voltages c are applied to the 
microwave switches, the microwave switches close the 
circuits to turn on the corresponding bits. The phase 
amount of each phase shifter 24 is set depending on 

45 which bits are turned on. 

Each phase shifter 24 changes the phase of an RF 
signal by the phase shift amount set in this manner, and 
feeds power to a corresponding radiating element 25. 
The respective radiating elements 25 radiate radio 

50 waves of phases corresponding to the feeding phases 
to form an equiphase surface, thereby forming a radiant 
beam in a direction perpendicular to the equiphase sur- 
face. 

The structure of the antenna section 2a of the 
55 phased-array antenna apparatus in Fig. 1 will be 
described next. Fig. 2 shows the structure of the 
antenna section 2a. 

As shown in Fig. 2, the antenna section 2a has a 



5 



EP0 887 879A1 



6 



multilayer structure. More specifically, a passive ele- 
ment layer 41 , a first dielectric layer 42, a radiating ele- 
ment/phase shifter/TFT circuit layer (to be referred to as 
a phase shifter layer hereinafter) 43. a second dielectric 
layer 44, a feeding slot layer 45, a third dielectric layer 
46, and a distribution synthetic layer 47 are stacked on 
each other in the order named in tight contact with each 
other. 

The respective layers are formed into the multilayer 
structure by a printing technique, stacking, or bonding. 
For example, the passive element layer 41 and the 
phase shifter layer 43 are formed on the upper and 
lower surfaces of the phase shifter layer 43, and the 
feeding slot layer 45 is formed on one surface of the die- 
lectric layer 44 by the printing technique or the like. 

Passive elements 26 are formed on the passive ele- 
ment layer 41. Although the passive elements 26 are 
not shown in Fig. 1, the band of the antenna can be 
broadened by using the passive elements 26. The pas- 
sive elements 26 are electromagneticaily coupled to the 
radiating elements 25 of the phase shifter layer 43 on 
the phase shifter layer 43 through the dielectric layer 42. 

The dielectric layer 42 is made of a dielectric having 
a dielectric constant of about 2 to 10. If, for example, a 
glass material is used for the dielectric layer 42, the 
manufacturing cost can be reduced. Obviously, if no 
consideration is to be given to the manufacturing cost, 
the dielectric layer 42 may be made of other dielectrics 
such as alumina having a high dielectric constant and a 
foamed material having a low dielectric constant 

The radiating elements 25, the phase shifters 24, 
and the TFT circuit 20 (including the data latch circuits 
22), which are shown in Fig. 1 , are formed on the phase 
shifter layer 43, together with the strip lines for feeding 
power to the radiating elements 25. As described 
above, in the phased -array antenna apparatus shown in 
Fig. 1, the driving circuit for the phase shifters, which is 
an external IC in the prior art, is formed as the TFT cir- 
cuit 20 on the same layer on which the radiating ele- 
ments 25 and the phase shifters 24 are formed. 

The dielectric layer 44 is made of a dielectric having 
a dielectric constant of about 3 to 12, e.g.. alumina. 

Feeding slots 28 serving as feeding coupling 
means are formed in the feeding slot layer 45. The dis- 
tribution synthesizer 27 shown in Fig. 1 is formed on the 
distribution synthetic layer 47. The distribution synthe- 
sizer 27 is electromagneticaily coupled to the phase 
shifter layer 43 through the feeding slot layer 45. A feed- 
ing unit is constituted by the distribution synthesizer 27 
and the feeding slots 28. 

Power is fed from the feeding slots 28 to the radiat- 
ing elements 25 through the phase shifters 24 and the 
strip lines. The feeding slot layer 45 also serves as a 
ground layer, which grounds the phase shifter layer 43 
through the through holes properly formed in the dielec- 
tric layer 44. 

A set of each passive element 26, each radiating 
element 25, each phase shifter 24, each data latch cir- 



cuit 22 of the TFT circuit 20. and each feeding slot 28. 
which are formed on the respective layers described 
above, constitutes one unit. The respective units are 
arranged in the form of a matrix. 

5 As described above, the respective units are 
arranged in the form of a matrix in Fig. 2. The present 
invention is, however, effective even if the respective 
units are not arranged in the form of a matrix. 

It suffices if the radiating elements 25 are arranged 

10 in the form of a matrix. The present invention is also 
effective even if the radiating elements 25 are simply 
arranged in a two-dimensional form, or aligned in one 
direction. 

In the arrangement in Fig. 2, the radiating elements 

is 25, the phase shifters 24, and the TFT circuit 20 are 
formed on one surface of the dielectric layer 42. How- 
ever, the phase shifters 24 and the TFT circuit 20 can be 
formed on surface of the dielectric layer 42, while the 
radiating elements 25 can be formed on the other sur- 

20 face. In this case, the radiating elements 25 are electro- 
magneticaily coupled to the strip lines connected to the 
phase shifters 24 through the dielectric layer 42. 

In addition, in the arrangement in Fig. 2, the distri- 
bution synthesizer 27 and the phase shifter layer 43 are 

25 electromagneticaily coupled to each other through the 
feeding slot layer 45. The present invention is, however, 
effective even if the distribution synthesizer 27 and the 
phase shifter layer 43 are connected to each other 
through other feeding coupling means such as feeding 

30 pins, or the distribution synthesizer 27 is formed to be 
flush with the phase shifter layer 43, as shown in Fig. 
13. 

As shown in Fig. 14, the present invention is also 
effective when a radiating element layer 431 is formed 

35 independently of the phase shifter layer 43, and radiat- 
ing elements 25 on the radiating element layer 431 are 
electromagneticaily excited through fourth and fifth die- 
lectric layers 432 and 434 and a feeding slot layer 433. 
The phase shifter layer 43 in Fig. 2 will be described 

40 further in detail. Fig. 3 shows the arrangement of one 
unit on the phase shifter layer 43. Fig. 3 shows a case 
wherein a glass material is used for the dielectric layer 
42 in Fig. 2. 

The radiating element 25, the phase shifter 24, and 
45 the data latch circuit 22 are formed on a glass substrate 
(dielectric substrate) 50. Note that the data latch circuit 
22 is constituted by data latch circuits 22' arranged for 
the respective bits of the phase shifter 24, and Fig. 3 
shows the data latch circuits 22*. 
so A strip line 29 is printed to extend from the radiating 
element 25 to a position, on the glass substrate 50. 
which corresponds to the feeding slot 28 in Fig. 2 
through the phase shifter 24. 

The radiating element 25 and the feeding slot 28 
55 are formed on the same side (left side) of a coordinate 
axis X, and the phase shifter 24 and the data latch cir- 
cuit 22' are formed on the cfifferent side (right side) of 
the coordinate axis X. 



4 



7 



EP0887 879A1 



8 



As the radiating element 25. a patch antenna, a 
printed dipole, a slot antenna, an aperture element, or 
the like is used. 

As the strip line 29, a distributed constant line such 
as a micro-strip line, a triplate line, a coplanar line, or a 
slot line is used. 

The phase shifters 24 are arranged around the radi- 
ating elements 25. The phase shifters 24 are 4-bit 
phase shifters. Each phase shifter is constituted by four 
phase shifters 24a, 24b, 24c, and 24d. The phase shift- 
ing elements 24a to 24c can change the feeding phase 
by 22.5°. 45°, 90°, and 180°, respectively. 

To prevent confusion of the phase shifter 24 and the 
phase shifters 24a to 24d constituting the phase shifter 
24, the phase shifters 24a to 24d will be discriminated 
by calling them the phase shifting elements 24a to 24d. 

Each of the phase shifting elements 24a. 24b, 24c, 
and 24d is constituted by strip lines 51 and microwave 
switches. As each strip line 51, a distributed constant 
line such as a micro-strip line, a triplate line, a coplanar 
line, or a slot line is used. As each microwave switch, a 
micromachine switch 52 is used. 

Each of the phase shifting elements 24a to 24c is 
designed such that one portion of each of the two strip 
lines (second and third distributed constant lines) 51 is 
connected to the strip line (first distributed constant line) 
29 at some midpoint and the two micromachine 
switches (first and second microwave switches) 52 are 
arranged to connect the other end portion of each of the 
two strip lines 51 to ground 53. 

The phase shifting element 24d is designed such 
that the two end portions of the U-shaped strip line 
(sixth distributed constant line) 51 are connected to the 
two end portions of the cut strip line (fourth and fifth dis- 
tributed constant lines) 29, one micromachine switch 
(third microwave switch) 52 is placed to connect the two 
end portions of the strip line 29, and the other microma- 
chine switch (fourth microwave switch) 52 is placed to 
connect the middle portion of the strip line 51 to the 
ground 53. 

The former type of phase shifter is called a loaded 
line phase shifter; and the latter type, a switched line 
phase shifter. In general, when the phase shift amount 
is small, good characteristics can be obtained with a 
loaded line type phase shifter. In contrast to this, when 
the phase shift amount is large, good characteristics 
can be obtained with a switched line phase shifter. 

For this reason, the loaded line phase shifters are 
used as the phase shifting elements 24a to 24c with 
22.5°, 45°, and 90°, whereas the switched line phase 
shifter is used as the phase shifting element 24d with 
180°. Switched line phase shifters, however, can be 
used as the phase shifting elements 24a to 24c. 

Alternatively, phase shifting circuits other than the 
loaded line type and the switched line type, e.g., line 
switching type, can be used for the phase shifting ele- 
ments 24a, 24b, 24c. and 24d. 

The two micromachine switches 52 of each of the 



phase shifting elements 24a, 24b, 24c, and 24d are con- 
nected to the data latch circuit 22' placed nearby. The 
two micromachine switches 52 are simultaneously oper- 
ated by the driving voltage c output from the data latch 

5 circuit 22*. The two micromachine switches 52 selec- 
tively ground the strip lines 51 or selectively connect the 
disconnected strip line 29. 

With this operation, the feeding phase can be 
changed by passing an RF signal flowing in the strip line 

w 29 to the strip lines 51. 

According to the above description, the data latch 
circuits 22' are arranged near the micromachine 
switches 52. A plurality of data latch circuits 22', how- 
ever, may be arranged in one place, and wiring lines 

15 may extend therefrom to drive the micromachine 
switches 52. 

One data latch circuit 22* may be connected to the 
micromachine switches 52 of a plurality of different 
units. 

20 The TFT circuit 20 in Fig. 1 will be further 
described. Fig. 4 shows the arrangement of the TFT cir- 
cuit 20 having the data latch circuits 22 arranged in the 
form of a matrix. 

As shown in Rg. 4, each data latch circuit 22 is con- 

25 nected to signal lines 61 and scanning lines 62. The sig- 
nal lines 61 are connected to a signal line driving circuit 
211 . The scanning lines 62 are connected to the scan- 
ning line driving circuit 212. 

The data latch circuit 22 serves to drive the 4-bit 

30 phase shifter 24, and is constituted by the four data 
latch circuits 22*. Owing to this arrangement, each data 
latch circuit 22 is connected to the two signal lines 61 
and the two scanning lines 62. 

The signal line driving circuit 21 1 and the scanning 

35 line driving circuit 212 are included in the data distribu- 
tion circuit 21 in Fig. 1. 

Rg. 5 shows the arrangement of the data latch cir- 
cuit 22. The data latch circuit 22 is constituted by the 
four data latch circuits 22' corresponding to the phase 

40 shifting elements 24a, 24b, 24c, and 24d with 22.5°, 
45°, 90°, and 180° which constitute the 4-bit phase 
shifter 24. 

Each data latch circuit 22' also includes first and 
second data latch circuits 63 and 64. As the data latch 

45 circuits 63 and 64, D flip-flops or the like are used. 

The D input terminal and clock input terminal of the 
data latch circuit 63 are respectively connected to the 
signal line 61 and the scanning line 62. The D input ter- 
minal and clock input terminal of the data latch circuit 64 

so are respectively connected to the output terminal of the 
data latch circuit 63 and the control unit 1 in Rg. 1 . The 
timing signal b for changing the beam direction is input 
to the clock input terminal. The output terminal of the 
data latch circuit 64 is connected to the two microma- 

55 chine switches 52 of the phase shifter 24 in Rg. 3. 

The data latch circuit 63 holds the control signal a 1 
input from the signal line 61 in synchronism with a scan- 
ning pulse (period T) from the scanning line 62. The 



9 



EP0887 879A1 



10 



data latch circuit 64 holds the control signal a' output 
from the data latch circuit 63 in synchronism with the 
timing signal b, and applies the driving voltage c to the 
micromachine switches 52 on the basis of the held con- 
trol signal a'. 

The operation of the data latch circuit 22' in Fig. 5 
will be described below. Figs. 6A to 6E show the opera- 
tion of the data latch circuit 22*. 

When a scanning pulse is applied to the scanning 
line 62, the data latch circuit 63 holds the logic level of 
the control signal a 1 input from the signal line 61. More 
specifically, when a scanning pulse is applied to the 
scanning line 62 at a point p (Fig. 6B), the logic level of 
the control signal a' on the signal line 61 is at "H" (Fig. 
6A). The data latch circuit 63 therefore holds an output 
Q1 of logic level "H" (Fig. 6C). Even if the logic level of 
the control signal a' changes afterward, the data latch 
circuit 63 holds the output Q1 of logic level "IT until a 
scanning pulse is applied next. 

At this time, the data latch circuit 63 keeps output- 
ting the output Q1 of logic level "H" to the D input termi- 
nal of the data latch circuit 64. When the timing signal b 
(Fig. 6D) is output from the control unit 1 to the data 
latch circuit 64 at a point q, the data latch circuit 64 syn- 
chronously holds logic level "IT of the control signal a' 
output from the data latch circuit 63, and outputs an out- 
put Q2 of logic level "H" (Fig. 6E). This output is simulta- 
neously applied as the driving voltage c to the two 
micromachine switches 52. 

When a scanning pulse (Fig. 6B) is applied to the 
scanning line 62 at point r, since the logic level of the 
control signal a' input from the signal line 61 at this time 
is "L", the data latch circuit 63 holds logic level "L". As a 
result, the output Q1 from the data latch circuit 63 
changes to logic level V. 

When the timing signal b is output again from the 
control unit 1 at a point d, the data latch circuit 64 holds 
logic level "L" of the output from the data latch circuit 63, 
and outputs it (Q2). As a result, the application of the 
driving voltage c to the micromachine switches 52 is 
stopped. 

Since the data latch circuits 64 for holding the con- 
trol signals a* in synchronism with the timing signal b 
from the control unit 1 are arranged on the output termi- 
nal sides of the data latch circuits 63 connected to the 
signal lines 61 and the scanning lines 62 in this manner, 
all the data latch circuits 22* simultaneously output the 
driving voltages c to the phase shifting elements 24a to 
24d in synchronism with the timing signal b. Radiations 
from all the radiating elements 25 can therefore be 
simultaneously switched. By simultaneously switching 
radiations from all the radiating elements 25 in this man- 
ner, the beam direction of the antenna can be greatly 
changed within a short period of time. 

During switching operation of a given microwave 
switch such as the micromachine switch 52, the phase 
of the radiating element 25 corresponding to this micro- 
wave switch becomes unstable. For this reason, when 



radiations from all the radiating elements 25 are simul- 
taneously switched, disconnection may occur although 
the duration of disconnection is short. In contrast to this, 
when radiations from the radiating elements 25 are to 

5 be sequentially switched, a certain number of radiating 
elements are switched at a time, with time lags, instead 
of being switched at once, and only some of the radiat- 
ing element 25 exhibit phase instability. Therefore, the 
antenna beam direction can be gradually changed while 

to communication is kept ensured. 

Consequently, the phased-array antenna preferably 
has two control schemes, i.e., the scheme of simultane- 
ously switching radiations from all the radiating ele- 
ments 25 when the antenna beam direction is to be 

15 greatly changed within a short period of time, although 
disconnection occurs for a short period of time; and the 
scheme of switching radiations from a certain number of 
radiating elements 25 at a time while ensuring commu- 
nication when the antenna beam direction is to be grad- 

20 uaJly changed. 

As described above, the control scheme of switch- 
ing radiations from a certain number of radiating ele- 
ments 25 at time can also be implemented by the circuit 
shown in Fig. 5. The control scheme of switching radia- 

25 tions from a certain number of radiating elements 25 at 
a time will be described below with reference to the tim- 
ing charts of Figs. 15A to 15E. 

Figs. 1 5A to 1 5E differ from Figs. 6A to 6E in the fol- 
lowing point. Referring to Figs. 6A to 6E, the timing sig- 

30 nal b is instantaneously supplied at the points q and s in 
the form of pulses. In contrast to this, referring to Figs. 
15A to 15E, the timing signal b is always held at logic 
level "H". 

When the timing signal b supplied to the data latch 
35 circuit 64 is always kept at logic level "H" in this manner, 
a scanning pulse is input to the data latch circuit 63 at 
the point p, and the logic level of the output Q1 from the 
data latch circuit 63 changes from V to "IT. At the 
same time, the logic level of the output Q2 from the data 
40 latch circuit 64 also changes from "L" to "H". This output 
is applied as the driving voltage c to the micromachine 
switch 52. 

Similarly, at the point s, a scanning pulse is input to 
the data latch circuit 63. As a result the logic level of the 

45 output Q1 from the data latch circuit 63 changes from 
"IT to "L". At the same time, the output Q2 from the data 
latch circuit 64 changes from "H" to "L". 

Considering the radiating elements 25 as a whole, 
it is obvious that only the radiating elements 25 corre- 

50 sponding to the data latch circuits 63 to which scanning 
pulses are input are sequentially switched. 

As is obvious from the above description, according 
to the circuit shown in Fig. 5, the timing signals b are 
supplied to the data latch circuits 64 in different man- 

55 ners to implement the two control schemes, i.e., the 
scheme of simultaneously switching radiations from all 
the radiating elements 25 and the scheme of switching 
radiations from a certain number of radiating elements 
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25 at a time, which schemes are switched depending on 
the magnitude of change in antenna beam direction. 

Another example of the data latch circuit 22 shown 
in Fig. 1 will be described next. Fig. 7 shows another 
arrangement of the data latch circuit 22. 

The data latch circuit 22 in Fig. 7 serves to drive the 
4-bit phase shifter 24. Data latch circuits 67 are con- 
nected to the output side of a 4-bit shift register 66 in 
units of bits, and the two micromachine switches 52 for 
each bit of the phase shifter 24 are connected to the 
output side of each data latch circuit 67. 

The control signals a' from the data distribution cir- 
cuit 21 in Fig. 1 are serially output to the shift register 
66, and a shift dock signal d is output from the control 
unit 1 in Fig. 1 . In addition, the timing signal b is output 
from the control unit 1 to the data latch circuits 67. 

The shift register 66 is a series input/parallel output 
type shift register, and outputs the serial control signals 
a' to the respective data latch circuits 67 parallelly. The 
data latch circuits 67 hold the control signals a* output 
from the respective bits of the shift register 66 in syn- 
chronism with the timing signal b, and output the driving 
voltages c to the micromachine switches 52 on the basis 
of the held control signals a*. 

The operation of the data latch circuit 22 in Fig. 7 
will be described next 

The control signals a* for controlling driving of the 
respective bits of the phase shifter 24 are serially output 
from the data distribution circuit 21 to the shift register 
66. 

The shift register 66 stores the control signal a* in 
the first bit upon reception of the clock signal d. Upon 
reception of the next shift dock signal d, the shift regis- 
ter 66 transfers the control signal a' stored in the first bit 
to the next bit, and stores the new control signal a* in the 
first bit. Similarly, the control signal a' stored in a given 
bit is transferred to the next bit in synchronism with the 
shift dock signal d. 

In the case of a n-bit shift register, therefore, when 
the shift clock signal d is input n times, the control signal 
a' stored in the shift register is updated. As described 
above, since the shift register 66 shown in Fig. 7 is a 4- 
brt register, the stored control signal a' is updated by 
inputting the shift clock signal d four times. 

When the control signals a' in the shift register 66 
are updated after the shift dock signal d is output from 
the control unit 1 four times, the timing signal b for 
changing the beam direction is output from the control 
unit 1 to each data latch circuit 67. 

Upon reception of this timing signal b, the respec- 
tive data latch circuits 67 simultaneously latch the con- 
trol signals a' output parallelly from the shift register 66, 
and output the driving voltages c to the respective bits of 
the phase shifter 24. As a result, similar to the data latch 
drcuits 22, the data latch drcuits 67 can simultaneously 
change the radiating directions of all the radiating ele- 
ments 25 of the antenna section 2a. 

The data distribution drcuit 21 may output the con- 



trol signals a' parallelly to the respective bits of the 
phase shifters 24, as shown in Fig. 1. If, however, the 
control signals a' are serially output as shown in Fig. 7, 
the number of wiring tines between the data distribution 
5 drcuit 21 and the data latch circuits 22 can be 
decreased. 

The shift register 66 shown in Fig. 7 is provided for 
each phase shifter 24. If, however, shift registers having 
many bits are used, one shift register can be provided 
10 for a plurality of phase shifters 24. In this case, one data 
latch drcuit 22 can control driving of a plurality of phase 
shifters 24. 

The micromachine switches 52 shown in Hg. 3 will 
be further described next Fig. 8 shows the structure of 
is each micromachine switch 52 placed between the strip 
line 51 and the ground 53. 

The micromachine switch 52 is constituted by an 
electrode 71, a finely movable element 72, and a sup- 
port member 73. The finely movable element 72 and the 
20 support member 73 constitute a cantilever. 

As shown in Fig. 8, the strip line 51 and the ground 
53 are spaced apart from each other on the glass sub- 
strate 50. 

The eledrode 71 is formed between the strip line 51 
25 and the ground 53 on the glass substrate 50 by photoli- 
thography. The electrode 71 is not in contact with both 
the strip line 51 and the ground 53. Although the strip 
line 51 and the ground 53 are at the same level, the 
electrode 71 is formed to be sufficiently lower than the 
30 strip line and the ground. 

The finely movable element 72 is formed above the 
electrode 71 to oppose the strip line 51 , the ground 53, 
and the electrode 71. 

The support member 73 is formed on the glass sub- 
35 strata 50 and cantilevers the finely movable element 72. 

Although the electrode 71 and the finely movable 
element 72 are made of a conductor, the support mem- 
ber 73 may be made of a conductor, a semiconductor, 
or an insulator. 

40 Fig. 9 shows the micromachine switches 52 in Fig. 
8, and more specifically, the two micromachine switches 
52 used for the loaded line type phase shifting elements 
24a to 24c. 

As shown in Fig. 9, the two micromachine switches 
45 52 are arranged to be symmetrical about the two strip 
lines 51. The electrodes 71 respectively included in the 
two micromachine switches 52 are connected to the 
output side of one data latch drcuit 22'. The driving volt- 
ages (external voltages) c are simultaneously applied 
so from the data latch drcuit 22' to the electrodes 71 . 

The operation of each micromachine switch 52 will 
be described next Figs. 10A and 10B show the 
micromachine switch 52 in Fig. 8. Fig. 10A shows the 
open state of the micromachine switch 52. Fig. 10B 
55 shows the closed state of the micromachine switch 52. 
When the control signal a' of logic level "L" is output 
from the data distribution drcuit 21 , the data latch drcuit 
22' does not apply the driving voltage c to the electrode 
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71 . At this time, as shown in Rg. 1 0A, the finely movable 
element 72 is located above the strip line 51 and the 
ground 53 and is not contact therewith. The microma- 
chine switch 52 is therefore set in the open state. 

In addition, as described above, since the electrode 
71 is not in contact with the strip line 51 and the ground 
53, the strip line 51 is disconnected. At this time, the 
phase shifting elements 24a to 24c do not operate, and 
the RF signal flowing in the strip line 29 does not flow 
from the strip line 51 to the ground 53. The feeding 
phase for the radiating element 25 does not change. 

When the control signal a' of logic level "H" is output 
from the data dstribution circuit 21 , the data latch circuit 
22' applies the driving voltage c to the electrode 71 . The 
driving voltage c applied to the electrode 71 at this time 
is about 30 V or less. 

When the positive driving voltage c is applied to the 
electrode 71, a positive charge appears on the surface 
of the electrode 71 , and a negative charge appears on 
the surface of the finely movable element 72 opposing 
the electrode 71 owing to electrostatic induction. Since 
an attractive force is generated by the electrostatic force 
between the positive charge on the electrode 71 and the 
negative charge on the finely movable element 72, the 
finely movable element 72 is pulled down to the elec- 
trode 71 by this attractive force, as shown in Rg. 10B. 

With this operation, since the finely movable ele- 
ment 72 is brought into contact with the strip line 51 and 
the ground 53, the micromachine switch 52 is set in the 
closed state. As a result the strip line 51 is RF-con- 
nected to the ground 53 through the finely movable ele- 
ment 72. In this case, the phase shifting elements 24a 
to 24c operate, and the RF signal flowing in the strip line 
flows from the strip line 51 to the ground 53. The feeding 
phase for the radiating element 25 therefore changes. 

Similarly, in the case of the switched line type phase 
shifting element 24d, when the driving voltage c is 
selectively applied to the electrode 71 of the microma- 
chine switch 52, the finely movable element 72 selec- 
tively connects the strip line 51 to the ground 53 or the 
disconnected strip line 29. As a result, an RF signal 
flows in the connected portion, and the feeding phase 
changes. 

As described above, the electrode 71 is sufficiently 
lower than the strip line 51 and the ground 53. For this 
reason, when the finely movable element 72 comes into 
contact with the strip line 51 and the ground 53, the 
finely movable element 72 does not come into contact 
with the electrode 71. 

The micromachine switch 52 shown in Rg. 8 is an 
ohm coupling type micromachine switch. However, a 
capacitive coupling type micromachine switch using a 
cantilever having a dielectric film formed on the lower 
surface of the finely movable element 72 may be used. 

In the micromachine switch 52 shown in Fig. 8, the 
driving voltage c is applied to the electrode 71. How- 
ever, the output side of the data latch circuit 22' may be 
connected to the finely movable element 72, and the 



driving voltage c may be applied to the finery movable 
element 72 to generate an electrostatic force between 
the electrode 71 and the finely movable element 72. 
In a conventional phased-array antenna apparatus, 

5 a modularized PIN diode has been used as a micro- 
wave switch. However, since the PIN diode exhibits a 
large energy loss on the semiconductor junction sur- 
face, the power consumption becomes targe. 

In contrast to this, according to this embodiment, as 

10 described above, since the micromachine switch 52 is 
used as a microwave switch, the power consumption at 
the switch can be reduced to about 1/10 or less. 

In the present invention as well, if no consideration 
is to be given to the problem of power consumption, a 

is PIN diode can be used as a microwave switch. 

When this embodiment is applied to a phased-array 
antenna with a size of about 36 cm x 36 cm x 10 cm and 
a radiation element count M of 4,000 to 5,000, a high 
gain of about 35 dBi can be obtained at a frequency of 

20 30 GHz. 

(Second Embodiment) 

The second embodiment of the present invention 

25 will be described next. 

Rg. 1 1 shows the arrangement of a phased-array 
antenna apparatus according to the second embodi- 
ment of the present invention. The same reference 
numerals in Rg. 1 1 denote the same parts as in Rg. 1 , 

30 and a description thereof will be omitted. 

The phased-array antenna apparatus shown in Rg. 
11 differs from the one shown in Rg. 1 in that an 
antenna section 2b has a flip-chip IC circuit 30 in place 
of the TFT circuit 20. 

35 M radiating elements 25 are respectively connected 
to N-bit phase shifters 24. The phase shifters 24 are 
connected to a feeding section 3 through a distribution 
synthesizer 27. The phase shifters 24 are connected to 
the flip-chip IC circuit (driving means) 30 for driving the 

40 phase shifters. The flip-chip IC circuit 30 is connected to 
a control unit 1. 

The flip-chip IC circuit 30 is constituted by data 
latch circuits 32 and driving circuits 33, which are 
arranged for the respective bits of the phase shifters 24, 

45 and a data distribution circuit 31 . The respective bits of 
the phase shifters 24 are connected to the driving cir- 
cuits 33. The driving circuits 33 are respectively con- 
nected to the data latch circuits 32. The data latch 
circuits 32 are connected to the data distribution circuit 

50 31 . The control unit 1 is connected to the data distribu- 
tion circuit 31 and the data latch circuits 32. 

The control unit 1 outputs control signals a for con- 
trolling driving of the respective bits of the phase shifters 
24 to the data distribution circuit 31 . and also outputs a 

55 timing signal b for changing the beam direction to each 
data latch circuit 32. The data cfistrfoution circuit 31 out- 
puts control signals a* to the data latch circuits 32 on the 
baste of the control signals a. The data latch circuits 32 
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rewrite the held data in synchronism with the timing sig- 
nal b, and output the resultant data to the driving circuits 
33. The driving circuits 33 output driving voltages c to 
the respective bits of the phase shifters 24 on the basis 
of the outputs from the data latch circuits 32. 

The distribution synthesizer 27 distributes the RF 
signal output from the feeding section 3 to output the 
resultant signals to the phase shifters 24. The phase 
shift amounts of the phase shifters 24 are set by the 
driving voltages c applied from the driving circuits 33. 
The phase shifters 24 change the feeding phases for 
the radiating elements 25 by the respective phase shift 
amounts. The radiating elements 25 radiate radio waves 
with phases corresponding to the feeding phases. 

The operation of the phased-array antenna appara- 
tus in Fig. 1 1 will be briefly described next. 

The data latch circuits 32 rewrite the held data into 
the control signals a' as input data in synchronism with 
the timing signal b for changing the beam direction, and 
output the resultant data (control signals a*) to the driv- 
ing circuits 33. As a result, the driving voltages c are 
simultaneously applied from the driving circuits 33 to the 
respective bits of the phase shifters 24. The radiating 
directions of all the radiating elements 25 can be simul- 
taneously changed. 

A flip-chip IC having the data latch circuits 32 and 
the driving circuits 33 shown in Fig. 1 1 will be described 
below. 

The flip-chip IC is obtained by forming bumps on 
electrodes without packaging, and joining the bumps 
and patterns on a substrate directly by soldering or 
through an anisotropic conductive sheet or the like. 
Such bumps can be formed on the entire surface of the 
IC chip instead of being formed on only the peripheral 
portion of the IC chip. Since wire bonding for connecting 
the module chips in the IC to the lead pins is not 
required, unlike a general IC, the area occupied by each 
IC is small. The packing density increases. Many ICs 
can therefore be mounted and wired in a small space. 

Even if, therefore, the number of phase shifters 24 
increases as the number of radiating elements 25 is 
increased to increase the gain of the antenna, an 
increase in the size of the phased-array antenna appa- 
ratus can be suppressed by using a flip-chip technique 
to form the driving circuits 33 and the data latch circuits 

32 for the phase shifters 24. 

Fig. 12 shows the relationship in connection 
between the flip-chip IC and the phase shifters 24. As 
shown in Fig. 12, many bumps 36 are formed on the 
entire surface of a flip-chip IC 35. 

The output sides of the respective driving circuits 

33 in Fig. 11 are connected to the bumps 36. The 
bumps 36 are connected to the respective bits of the 
phase shifters 24 through wiring lines 37 formed by the 
printed wiring technique. 

The printed wring technique includes an etching 
technique of forming the wiring lines 37 by removing 
unnecessary portions of a conductive layer formed on a 



substrate as well as the general printed wiring tech- 
nique. This applies to the strip line 29 in Fig. 3 and the 
electrode 71 in Fig. 8. 

About 1.000 bumps 36 are formed on the flip-chip 

5 IC 35. If, for example, 4-bit phase shifters are used as 
the phase shifters 24, about 250 radiating elements 25 
can be controlled by this flip-chip IC 35. 

Note that the spacing between the bumps 36 is 
about 70 to 100 ^m, and the spacing between the wiring 

to lines 37 is about 1 .5 urn. 

The wiring lines 37 for connecting the bumps 36 to 
the respective bits of the phase shifters 24 are formed 
on one layer. If, however, the number of radiating ele- 
ments 25 is increased to increase the gain of the 

is antenna, or the number of bits of each phase shifters 24 
is increased to improve the precision in the beam radiat- 
ing direction, and the number of driving circuits 33 for 
the phase shifters 24 increases excessively, the wiring 
lines 37 may be formed in a plurality of layers. 

20 For the sake of descriptive convenience, the driving 
circuits 33 are described to relate the logic levels of the 
data latch circuits 32 to the driving voltages c. As is 
obvious, if a data latch circuit for outputting the driving 
voltage c when logic level "H" is set is used as each data 

25 latch circuit 32, the driving circuits 33 need not be used. 
That is, the data latch circuits 32 also serve as the driv- 
ing circuits 33. 

As has been described above, according to the 
present invention, the phase shifters and the phase 

30 shifting control circuits for controlling phase shifting of 
the phase shifters are integrally formed. Therefore, the 
microwave switches as the switches of the phase shift- 
ers are integrally formed with the radiating elements 
and other portions of the phase shifters. For this reason, 

35 the step of mounting modularized switches as in the 
prior art can be omitted. The manufacturing cost of the 
phased-array antenna apparatus can therefore be 
reduced. In addition, since the phase shifters and the 
phase shifting control circuits are integrally formed, the 

40 space for external phase shifter driving ICs can be omit- 
ted. The size of the phased-array antenna apparatus 
can therefore be reduced. In addition, the wiring for con- 
trolling the phase shifters can be simplified. 

The microwave switches are used to selectively 

45 ground the distributed constant circuits. With this opera- 
tion, the feeding phases for the respective radiating ele- 
ments can be changed. 

If loaded line type phase shifters are used as phase 
shifters, good characteristics can be obtained with small 

so phase shift amounts. If switched line type phase shifters 
are used as phase shifters, good characteristics can be 
obtained with large phase shift amounts. 

The microwave switches having electrodes and 
finely movable elements are used as the switches of the 

55 phase shifters, and the circuits are opened/closed by 
the finely movable elements with the electrostatic forces 
generated by applying external voltages to the elec- 
trodes or the finely movable elements. Since the micro- 
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wave switches operate with low power, the power 
consumed by the switches of the phase shifters can be 
reduced. 

Since the radiating elements and the feeding cou- 
pling means are arranged on one side of a coordinate s 
axis, and the phase shifters are arranged on the other 
side, the radiating elements and the phase shifters can 
be formed in a limited area on one surface of one sub- 
strate. For this reason, the number of layers constituting 
the antenna section as a multilayer structure can be 10 
decreased. 

Since the driving means for the phase shifters are 
constituted by flip-chip ICs, the space for phase shifter 
driving ICs can be reduced as compared with the prior 
art Trie size of the phased-array antenna apparatus is 
can therefore be reduced. 

The data latch circuits are arranged in the thin-film 
transistor circuit, or the data latch circuits are arranged 
for the flip-chip ICs to simultaneously output external 
voltages to the respective phase shifters in synchronism 20 3. 
with the timing signal. With this operation, the phase 
shift amounts of the respective phase shifters can be 
simultaneously changed. The radiating directions of all 
the radiating elements can therefore be changed at 
once. 25 

in addition, since the data latch circuits are 
arranged in the form of a matrix, the number of wiring 
lines to the thin-film transistor circuit including the data 
latch circuits can be decreased. 

Since the radiating elements are arranged in the so 
form of a matrix, many radiating elements can be 
arranged within a limited area. 

By using a glass substrate as a dielectric substrate, 
the manufacturing cost can be reduced. 

35 

Claims 

1. A phased-array antenna apparatus used in a micro- 
wave or milliwave band and having a high gain, 4. 
characterized by comprising a multilayer structure 40 
constituted by 

M radiating elements (25) , 
M phase shifters (24) respectively coupled to 
said radiating elements to shift a phase of a 45 
feeding signal supplied to each of said radiat- 
ing elements in units of N (M and N are integers 
not less than two) bits, 

phase shifting control circuits (20) for control- 
ling phase shifting of said phase shifters, and so 
a feeding unit arranged to be coupled to each 
of said radiating elements. 

2. A phased-array antenna apparatus used in a micro- 
wave or milliwave band and having a high gain, ss 
characterized by comprising a multilayer structure 
formed by sequentially and tightly stacking 



a passive element layer (41) on which a plural- 
ity of passive elements (26) are formed, 
a first dielectric layer (42), 
a phase shifter layer (43) on which M radiating 
elements (25), M phase shifters (24) coupled to 
said radiating elements to shift a phase of a 
feeding signal supplied to each of said radiat- 
ing elements in units of N (M and N are integers 
not less than two) bits, and phase shifting con- 
trol circuits (20) for controlling phase shifting of 
said phase shifters are formed, 
a second dielectric layer (44), 
a feeding slot layer (45) in which a plurality of 
feeding slots (28) are formed to be coupled to 
said radiating elements, 
a third dielectric layer (46), and 
a distributing synthetic layer (47) for distribut- 
ing/synthesizing the feeding signals. 

A phased-array antenna apparatus used in a micro- 
wave or milliwave band and having a high gain, 
characterized by comprising a multilayer structure 
formed by sequentially and tightly stacking 

a passive element layer (41) on which a plural- 
ity of passive elements (26) are formed, 
a first dielectric layer (42), and 
a phase shifter layer (43) on which M radiating 
elements (25), M phase shifters (24) coupled to 
said radiating elements to shift a phase of a 
feeding signal supplied to each of said radiat- 
ing elements in units of N (M and N are integers 
not less than two) bits, phase shifting control 
circuits (20) for controlling phase shifting of 
said phase shifters are formed, and a distribu- 
tion synthesizer (27) for distributing/synthesiz- 
ing the feeding signals are formed. 

A phased-array antenna apparatus used in a micro- 
wave or milliwave band and having a high gain, 
characterized by comprising a multilayer structure 
formed by sequentially and tightly stacking 

a passive element layer (41) on which a plural- 
ity of passive elements (26) are formed, 
a first dielectric layer (42), 
a radiating element layer (431) on which M 
radiating elements (25) are formed; 
a fourth dielectric layer (432); 
a feeding slot layer (433) in which a plurality of 
feeding slots (28) are formed to be coupled to 
said radiating elements, 
a fifth dielectric layer (434), and 
a phase shifter layer (43) on which M phase 
shifters (24) coupled to said racfiating elements 
to shift a phase of a feeding signal supplied to 
each of said radiating elements in units of N (M 
and N are integers not less than two) bits. 
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phase shifting oontrol circuits (20) for control- 
ling phase shifting of said phase shifters, and a 
distribution synthesizer (27) for distribut- 
ing/synthesizing the feeding signals are 
formed. 5 

5. An apparatus according to claim 1 , further compris- 
ing a layer (41) on which a plurality of passive ele- 
ments (26) coupled to said radiating elements are 
formed. 10 

6. An apparatus according to claim 1 , wherein said 
respective layers are formed on one or two surfaces 
of a dielectric substrate (42, 44, 46. 50). 

15 

7. An apparatus according to any of claims 2 to 4, 
wherein a glass material is used for at least one of 
said dielectric layers. 

8. An apparatus according to any of claims 1 to 7, 20 
wherein said respective layers of said multilayer 
structure are formed into a multilayer structure by 
photolithography and stacking or bonding in a proc- 
ess. 

25 

9. An apparatus according to any of claims 1 to 8, 
wherein said phase shifter includes N phase shift- 
ing elements (24a, 24b, 24c, 24d), and 

each of said phase shifting elements includes a 30 
distributed constant line (29, 51), and a micro- 
wave switch (52) connected to said distributed 
constant line. 

10. An apparatus according to claim 9, wherein said 35 
distributed constant line and said microwave switch 
are integrally formed on a surface of a substrate 
(50) by photolithography. 

1 1 . An apparatus according to claim 9 or 1 0, wherein a 40 
loaded line phase shifter is used as said phase 
shifting element when a phase shift amount is 
small, and a switched line phase shifter is used as 
said phase shifting element when a phase shift 
amount is large. 45 

12. An apparatus according to claim 11 wherein said 
loaded line phase shifter comprises first and sec- 
ond microwave switches (52) respectively arranged 
between ground (53) and distal ends of second and so 
third distributed constant lines (51) connected to 
two ends of a first distributed constant line (29). 

13. An apparatus according to claim 1 1 or 12, wherein 
said switched line phase shifter comprises 55 

a third microwave switch (52) arranged 
between fourth and fifth distr touted constant 



20 

lines (29), and 

a fourth microwave switch (52) arranged 
between ground (53) and a sixth distrfouted 
constant line (51) connecting said fourth and 
fifth distributed constant lines. 

14. An apparatus according to claim 9, wherein a 
micromachine switch (52) is used as said micro- 
wave switch. 

15. An apparatus according to claim 14, wherein said 
micromachine switch comprises 

an electrode (71) formed between said two dis- 
tributed constant lines on the substrate (50), 
a finely movable element (72) that finely moves 
to come into contact with or separate from each 
of said distributed constant lines in accordance 
with an electrostatic force, and 
a support member (73) for supporting said 
finely movable element. 

16. An apparatus according to claim 15, wherein said 
finely movable element is placed above said elec- 
trode and is attracted to said electrode on the basis 
of a voltage applied to said electrode or said finely 
movable element. 

1 7. An apparatus according to claim 9, wherein a PIN 
diode is used as said microwave switch. 

18. An apparatus according to claim 1, wherein said 
phase shifter comprises N phase shifting elements 
(24a, 24b, 24c, 2 Ad), 

said phase shifting control circuit comprises a 
data distribution circuit (21) for distributing con- 
trol data (a), which is calculated to obtain a pre- 
determined radiant beam, to scanning and 
signal lines (62, 61), respectively, for each of 
said phase shifters, and MxN data latch cir- 
cuits (22*), each for receiving a scanning pulse 
from the scanning line, a control signal from the 
signal line, and a timing signal (b) for each of 
said phase shifters, and outputting data (c) in 
synchronism with the timing signal, and 
phase shifting of said phase shifting elements 
of said phase shifter are simultaneously con- 
trolled on the baste of an output from each of 
said data latch circuits. 

19. An apparatus according to any of claims 2 to 4, 
wherein a data distribution circuit (21) for distribut- 
ing control data (a), which is calculated to obtain a 
predetermined radiant beam, to scanning and sig- 
nal lines (62, 61). respectively, for each of said 
phase shifters, and MxN data latch circuits (2Z), 
each for receiving a scanning pulse from the scan- 
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ning line, a control signal from the signal line, and a 
timing signal (b) for each of said phase shifters, and 
outputting data (c) in synchronism with the timing 
signal, and 

5 

phase shifting of said phase shifting elements 
of said phase shifter are simultaneously con- 
trolled on the basis of an output from each of 
said data latch circuits. 

10 

20. An apparatus according to any of claims 1 to 4, 
wherein said phase shifter comprises N phase 
shifting elements (24a, 24b, 24c, 24d), 

said phase shifting control circuit comprises a is 
data distribution circuit (21) for distributing con- 
trol data (a), which is calculated to obtain a pre- 
determined radiant beam, to scanning and 
signal lines (62, 61), respectively, for each of 
said phase shifters, and M x N data latch cir- 20 
curts (22*), each for outputting data (c) in syn- 
chronism with a scanning pulse from the 
scanning line for each of said phase shifters, 
and 

phase shifting of said phase shifting elements 25 
of said phase shifter is controlled by switching a 
certain number of radiating elements at a time, 
on the basis of outputs from said respective 
data latch circuits. 

30 

21. An apparatus according to any of claims 1 to 4, 
wherein said phase shifter comprises N phase 
shifting elements (21a, 21b, 21c, 21d), and 

said control circuit simultaneously controls 35 
phase shifting of said phase shifting elements 
of each of said phase shifters when an antenna 
beam direction is to be changed at a high 
speed, and controls phase shifting of said 
phase shifting elements of each of said phase 40 
shifters by switching a certain number of radiat- 
ing elements at a time, when the antenna beam 
direction is to be changed at a low speed. 

22. An apparatus according to claim 10, wherein said 45 
data latch circuit (63) comprises a first latch circuit 

for receiving the scanning pulse and the control sig- 
nal, and 

a second latch circuit (64) for receiving an out- so 
put from said first latch circuit and the timing 
signal and driving said phase shifting element 

23. An apparatus according to any of claims 1 to 4, 
wherein said phase shifting control circuits are ss 
arranged in the form of a matrix. 

24. An apparatus according to any of claims 1 to 4, 



wherein said radiating element, said phase shifter, 
and said phase shifting control circuit are arranged 
adjacent to each other. 

25. An apparatus according to any of claims 1 to 4, 
wherein said phase shifting control circuit com- 
prises a thin-film transistor circuit (20). 

26. An apparatus according to claim 25, wherein said 
thin-film transistor circuit (20) is integrally formed on 
a surface of a substrate (50) by photolithography. 

27. An apparatus according to any of claims 1 to 4, 
wherein said phase shifting control circuit com- 
prises a flip-chip IC (35). 

28. An apparatus according to claim 27, wherein said 
flip-chip IC has a plurality of bumps (36) connected 
as electrodes by a flip-chip technique. 

29. An apparatus according to claim 28. wherein wiring 
between the bumps of said flip-chip IC and said 
phase shifter is performed by using a pattern 
formed by photolithography. 

30. An apparatus according to claim 29, wherein said 
flip-chip IC is mounted on a side of each of said 
phase shifters and connected thereto by the wiring 
(37) through the same layer as that for said flip-chip 
IC or another layer. 

31. An apparatus according to any of claims 1 to 4, 
wherein said radiating elements, said phase shift- 
ers, and said phase shifting control circuits are 
arranged in the form of matrices, respectively. 

32. An apparatus according to claim 1, wherein said 
feeding unit comprises a distribution synthesizer 
(27) for distributing/synthesizing the feeding sig- 
nals, and 

a plurality of feeding slots (28) for feeding 
power to said radiating elements. 



12 



EP0 887 879A1 




13 



EP0 887 879A1 




FIG.2 



14 



EPO807 879A1 




15 



EP0 887 879A1 



SIGNAL LINE DRIVING CIRCUIT 



l h 






I 




S 


22 ^25 




2 









FIG. 4 



16 



EP 0 887 879 A1 




17 



EP0 887 879A1 





















r 


















- PERIOD T 




















r 


c 










•— 

ULi 
CL. 


r 















CO 




CM 
UJ 




■55 co 
gCD 










UJ 

S 








SB 








< 


IGNALLi 


PQ 


C9 


O 


ITPUTQ 
TCHCIR 

D 


MINGS 


fa 


UTPUT 1 
ATCHCI 


VO 


CO 




CO 


vo 




>— 


vo 


CD _J 


6 




d 




d 


d 




d 








fa 




fa 


fa 




fa 






19 



EP0887 879A1 




EPO 887879 A1 




F I G. 10A 

73 72 




F I G. 10B 



21 



EP0 887 879A1 




22 



EPO 887879 A1 




FI G. 12 



23 



EP0887 879A1 




FIG. 13 



24 



EP0 887 879A1 




F I G. 14 



25 



EP0887 879A1 



-I—- 



-\ 



L 



Ol CO 



u <2 
EE co 

C-3 CJD 



i— I t— I HgH t-H S 

d d old dl 



Hh^Uh PL, 



26 



EP0 887 879A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 98 11 1359 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



US 4 499 721 A (STOCKTON RONALD J ET AL) 
25 December 1984 



* column 1, line 33 - column 22, line 61 * 

* column 3, line 34 - column 4, line 50; 
claims 1-11; figures 1,2 * 

* column 5, line 29-45 * 

* column 5, line 60 - column 10, line 37; 
figures 5-13 * 

-& US 3 921 177 A (MUNSON ROBERT E.) 
18 November 1975 

* abstract; figure 4 * 

-& US 3 811 128 A (MUNSON ROBERT E.) 

14 May 1974 

* abstract; figures 1,2 * 

US 5 038 148 A (AOKI T0SHIHIK0 ET AL) 
6 August 1991 

* column 1, line 6 - column 3, line 41; 
figures 1,2 * 

* abstract; figures 3,4 * 

* column 9, line 51 - column 10, line 62; 
figures 20,21 * 

US 4 346 315 A (ROBERTS EUGENE L) 
24 August 1982 

* column 5, line 6-28; figure 4 * 

* page 1; figure 1 * 

-& US 3 964 065 A (ROBERTS EUGENE L ET AL) 

15 June 1976 

* abstract; figure 1 * 



1-6,9, 
10, 

17-20, 
22-25, 
31,32 



The present search report has been drawn up for aO claims 



Relevant 
to claim 



1,9,18, 
20,23,24 



1,9,17, 
18,20,24 



CLASSIFICATION OF THE 
APPLICATION (InlCLS) 



H01Q3/38 
H01Q3/26 



TECHNICAL FIELDS 
SEARCHED (llHCI.6) 



H01Q 



MUNICH 



Oat* ot coaptation d the saarcfc 

19 October 1998 



Felgel-Farnholz, W-D 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant » taken alone 

Y : particularly relevant 7 combined with another 

document of the »ame category 
A : technological background 
O : non-written diectoiure 
P ; intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the fain g date 
D : docume n t cted in the application 
L : document ofted for other reasons 

& : member of the tame patent famiy, conesponding 



27 



EP0887879A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 11 1359 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



US 4 490 721 A (STOCKTON RONALD J ET AL) 
25 December 1984 



* column 1, line 33 - column 22, line 61 * 

* column 3, line 34 - column 4, line 50; 
claims 1-11; figures 1,2 * 

* column 5, line 29-45 * 

* column 5, line 60 - column 10, line 37; 
figures 5-13 * 

-& US 3 921 177 A (MUNSON ROBERT E.) 
18 November 1975 

* abstract; figure 4 * 

-& US 3 811 128 A (MUNSON ROBERT E.) 

14 May 1974 

* abstract; figures 1,2 * 

US 5 038 148 A (A0KI T0SHIHIK0 ET AL) 
6 August 1991 

* column 1, line 6 - column 3, line 41; 
figures 1,2 * 

* abstract; figures 3,4 * 

* column 9, line 51 - column 10, line 62; 
figures 20,21 * 

US 4 346 315 A (ROBERTS EUGENE L) 
24 August 1982 

* column 5, line 6-28; figure 4 * 

* page 1; figure 1 * 

-& US 3 964 065 A (ROBERTS EUGENE L ET AL) 

15 June 1976 

* abstract; figure 1 * 



The present search report has been drawn up for all claims 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPUCATION (lntCI.6) 



1-6,9, 
10, 

17-20, 
22-25, 
31,32 



H01Q3/38 
H01Q3/26 



1,9,18, 
20,23,241 



TECHNICAL FIELDS 
SEARCHED (lrrt.CL6) 



H01Q 



1,9,17, 
18,20,24 



MUNICH 



Dtfe of coaptation of the search 

19 October 1998 



Felgel-Farnholz, W-D 



CATEGORY OF CITED DOCUMENTS 

X : partioutany relevant if taken ate no 

Y : particularly relevant 9 combined w4h another 

document cf the tame category 
A : technological background 

Q:r - - 



T: theory or principle underlying « 
E : earlier patent document, but published on, or 

after the Ring date 
D : document cfted in the application 
L : document cled for other reasons 

& : menier of the same patent f arnfiiy, ©oro*»nding 



28 



